Abstract This research established an empirical methodology to estimate potential soil erosion rate based on revised universal soil loss equation (RUSLE) and E 30 model. The study was conducted on a highly precipitated, rugged, tropical forested with steep slope watershed during 1992 to 2009. The fourth (4th) largest river of Papua New Guinea, and its catchment area was considered for this research. Lots of commercial mining and logging activities are the ongoing processes in the upper catchment area without proper conservation measures. Digital elevation model (DEM), landsat satellite images, average annual rainfall, soil texture data base were used to derived mandatory input factors into the RUSLE and E 30 model. Raster calculator of ArcGIS spatial analyst was used to generate all input factors and final pixel-by-pixel based computation of soil loss pattern. The average potential soil erosion rate were calculated in the range of 20.34 mm/year to 23.70 mm/year through RSULE model and in the other hand the rate varies from 21.07 mm/year to 26.78 mm/year through E 30 model during 1992 to 2009 respectively. The erosion rate through both model indicates extremely severe rate of erosion in the upper catchment area are required immediate attention of soil conservation practices.
Introduction
Soil is one of the most valuable natural resource (Kouli et al. 2009 ) in any agriculture based developing nation. Soil erosion is a critical lively processed and serious environmental problem caused by many natural and human activities. Quantitative data on rates soil erosion in the national scale are very much essential to develop soil conservation and management plans and to asses environmental implications (Alexakis et al. 2013) . Different onsite effects of soil erosion (Pimentel 2006 ) like loss of top soil, change of soil structure, loss of soil organic matter content which leads to reduction of productivity and on the other hand offsite events (Sinha and Joshi 2012) like reduction of channel depth, water holding, water discharge and transport capacity of a stream (Zhou and Wu 2008) caused increase of flood intensity and frequency. In a hilly and steep sloppy region soil erosion may initiate landslide (Michael and Samanta 2016) as a short term and degradation of soil quality as long term effects. The erosion in upper catchment area depends on amount of rainfall, vegetation cover, soil characteristics, slope and accelerated by human activity like mining, agriculture and deforestation. In last two decades several studies and empirical models were developed by many researches (Morgan et al. 1998; Kim and Julien 2006; Darbral et al. 2008; Melesse et al. 2011 ) to estimate soil erosion in different region around the globe. The use of remote sensing and GIS techniques is very useful in estimation of total soil loss (Prasannakumar et al. 2011; Koloa and Samanta 2013) and soil erosion rate spatially and temporally with minimum costs and better accuracy in larger areas (Rahman et al. 2009 ). Revised universal soil loss equation (RUSLE) is one of the most familiar soil loss estimation process based on ground based observation and remote sensing and GIS technology (Pandey et al. 2007; Sharma 2010; Pal and Samanta 2011 ). Other empirical model is named as E 30 to calculate the rate of soil erosion in any region (Honda et al. 1996; Hazarika and Honda 2001; Bagyaraj et al. 2014) where hydrological, meteorological, geographical and river morphological data are limited (Udayakumara et al. 2010) . It is best to measure soil erosion rate in a catchment area. Preparation of digital data base is first essential task to generate factors/parameters which are mandatory to be incorporated into RUSLE or E 30 model. The study was aimed to assess the applicability of GIS based RUSLE and E 30 model for determination of soil erosion risk zone in Markham catchment, which is mostly comes under Morobe province of Papua New Guinea. The main objective of this research was to estimate soil loss through RUSLE and E 30 model and to comparative analysis of soil erosion results obtained from both model in the Markham catchment.
Study location and materials used
This research work was attempted in the fourth (4th) largest catchment of Papua New Guinea. The Markham catchment is located in the eastern part of main island. Most of the area falls under Morobe province and small portion in the north and north-east of the study area comes under Madang and Eastern highland province, respectively (Fig. 1) (1992, 2001 and 2009 ). Digital elevation model (DEM) in 30 m spatial resolution was collected from Advanced Space Thermal Emission Radiometer (ASTER) mission to produce slope map of the study area. All other collateral information that were used in this study are given in Table 1 . For RUSLE model different factors like rainfall erosivity factor (R), vegetation cover factor (C), soil erodibility factor (K), slope length & steepness factor (LS) and existing soil conversion measures factor (P) were used as a mandatory input parameters, which were developed using ArcGIS spatial analyst tool from rainfall, elevation and soil data base. On the other hand rate minimum and maximum of erosion in 30 degree slope area, NDVI, and slope data base were used to calculate rate of soil erosion through E 30 model.
Methodology
Multi-temporal (1992 to 2009) satellite images of Landsat thematic mapper (TM) and enhancement thematic mapper plus (ETM?) were used in this study. Four satellite images (path/row: 96/64, 96/65, 97/64 and 97/65) were collected to cover entire study area. All satellite images were geo-referenced carefully using universal transverse mercator (UTM) projection system, second order polynomial transformation and nearest neighbour resample method. The range of root mean square error of the transformation varies from 0.09 to 0.15 which is much lower than the pixel size (30 m) of the satellite data. All satellite images and digital elevation data were cropped with the Markham catchment boundary and the entire catchment was marked with of 14 sub-catchments based on elevation, contour, drainage pattern and drainage order ( Fig. 1) . Maximum slope (more than 80 degree) is found in the sub-catchment number 3.
E 30 and RUSLE model were used to estimate the rate of soil erosion in the Markham catchment. To execute E 30 model Normalised differential vegetation index (NDVI) and the slope gradient were used as two major parameter. Aster DEM data was used to develop slope data base (Paz and Collischonn, 2007; Warren et al. 2004 ) for the study area. NDVI was calculated using a simple band rationing technique (NDVI = B4 -B3/B4 ? B3) using band 4 (Near-infrared) and Band 3 (Red) of landsat satellite image (Lillesand et al. 2007 ). NDVI value (ranged from ?1 to -1) is the measure of vegetation coverage of an area ). E 30 model is expressed in the Eq. (1) based on the previous researches (Hazarika and Honda 2001; Gunawan et al. 2013 ).
where, E is the rate of soil erosion (mm/year), S represents the slope gradient of the area in degree and S 30 refers to tan 30°and E 30 refers to the soil erosion at 30°slope within the study area which was calculated based on Eq. (2) (Hazarika and Honda 2001).
where, NDVI max and NDVI min are the maximum and the minimum NDVI values, E min and E max are the minimum and the maximum rate of soil erosion at 30°slope. Maximum and minimum rate soil erosion at 30°slope in the study area were 14.8 and 1.5 mm/year. Computation of soil loss was achieved using revised universal soil loss equation (Koloa and Samanta 2013 ) is described as Eq. (3).
where, A stands for the average annual soil loss at a cell (t ha/year), R represents the rainfall and runoff erosivity factor at a geographic location (MJ mm ha/h/year), K refers the soil erodibility factor, LS is slope steepness and length factor for a cell, C is the cover management factor and P is the conservation support practice factor at a cell.
Rainfall was obtained from national database (Geobook 2009 ) of Papua New Guinea and used to calculate R factor using Eq. (4) (Parveen and Kumar 2012) .
where, R N is the average annual rainfall in mm Soil erodibility factor (K factor) was calculated based the soil texture type as presented in the Table 2 . Topographic factor (LS) was derived using Eq. (5) in bellow (Tirkey et al. 2013) .
where, flow direction was derived from ASTER DEM, The flow accumulation correspond to the drainage in the catchment, value of n is 0.4 and m is 1.4. The C factor database were generated from NDVI result for each year. The C factor values vary between 0 and 1 based on types of land covers excluding water area (Karaburun 2010) . Many other researchers also used regression analysis to estimate C factor values for land cover classes in erosion assessment (Van der Knijff 2000; Symeonakis and Drake 2004; Lin et al. 2006 ). The regression equation was expresses as bellow Eq. (6).
The P factor was considered according to the up and down slope (Pal and Samanta 2011) of the area which was verified with field-level investigations (Table 3) . In this area, no tillage practices are noticed. Therefore, these are not taken into account due to their very less spatial extent. Raster calculator tool in ArcGIS 10.0 spatial analyst extension was used to incorporated all input parameters and raster based out puts were generated. RUSLE output of average total soil loss (ton ha/year) was converted into rate of soil erosion (mm/year) based on Schertz 1983 . Soil conservation programs consider soil-loss tolerance values (T) values to be 5-12 tons/ha/ year (30), equivalent to 0.4-1 mm/year of erosion (Montgomery 2007) , assuming a soil bulk density of 1200 kg/m 3 .
Result and discussion
The modelled output on rates of soil erosion based on E 30 and RUSLE model were classified into seven (7) categories. They were 0-5 (extremely low), 5-10 (very low), 10-15 (low), 15-20 (medium), 20-25 (high), 25-30 (very high) and more than 30 mm/year (extremely high) respectively (Figs. 2, 3 ). Class wise statistics (histogram, area in hectare and percentage) were generated after conversion of total histogram for each categories of erosion rate (Table 4) . According to the E 30 model most of the area were marked with the erosion rate of more than 20 mm/ year in 1992 and 2001, whereas more than 25 mm/year in 2009 (Fig. 2 ). The RUSLE model predicted erosion rate in most of the area comes under less than 5 mm/year followed by more than 30 mm/year for each year of study (Fig. 3) . The result showed that the erosion rate increases with the increase of slope. The calculated erosion rate through both models was found to be exceeded 20 mm/year in the upper catchment area due to the steep slope. In 2009 based on E 30 model average rate of erosion was calculated as 2.5 mm/ year in the 0°-5°slope and 37.5 mm/year in the 30°-40°s lope respectively. The increase rate of soil erosion, 15 times due to change of slope from 0°-5°to 30°-40°is the indication of extreme rate of soil erosion in the hilly region with steep slope. NDVI refers an index of vegetation depending on the intensity of red and near-infrared band. (Fig. 2) . On the other hand the average soil erosion was estimated at the rate of 20.34 mm/year in 1992, 21.24 mm/year in 2001 and 23.70 mm/year in 2009, respectively through RUSLE model (Fig. 3) . The correlation (r) between two model estimation was calculated 0.9897 (Fig. 4) . Within the catchment area maximum average soil erosion rate, 54.83 mm/year was found in sub-catchment number three (3), followed by sub-catchment 2, 52.68 mm/year and minimum of 6.64 mm/year in sub-catchment 14 based on RUSLE model in 2009 (Table 5 ; Fig. 5 ). The average soil erosion rate of 45.07, 41.07 and 9.97 mm/year were yield by E 30 model in the sub-catchment number 3, 2 and 14, respectively (Table 5 ; Fig. 5 ). The correlation (r) of estimated average soil erosion rate for 14 sub-catchments through both models was calculated as 0.90, which indicates a good relationship of the estimations (Fig. 6) . The average slope of was calculated as 30.07°in sub-catchment number 2, 25.39°in sub-catchment number 3 and 6.57°in sub-catchment number 14 (Table 5) . Result suggested that the slope is the major factor for both model in the estimation of soil erosion rate. The comparative analysis was carried out to find out correlation (r) between slope and average estimated soil erosion rate in 14 sub-catchments area by both models in 2009. The correlations with slope and RUSLE model was calculated as 0.89 and for E 30 model as 0.99 (Fig. 7) .
Conclusion
Slope of the land, NDVI, soil erosion in 30°slope were considered as mandatory inputs into E 30 model, where as rainfall and runoff erosivity (R factor), soil erodibility (K factor), slope steepness and length (LS factor), cover management (C factor) and conservation support practice (P factors) were used into the RUSLE model. Expectedly, some difference in the estimation were likely to crop up in 
